Static longitudinal and lateral stability characteristics at low speed of 60 degree sweptback-midwing models having wings with an aspect ratio of 2, 4, or 6 by Thomas, David F & Wolhart, Walter D
,ui-,
NATIONALADVISORYCOMMITTEE
FORAERONAUTICS
TECHNICAL NOTE 4397
&
s
STATICLONGITUDINALANDLATIU3ALSTABIUTYCHARACTERISTICS
AT LOWSPEEDOF 60° SWEPTBACK-MJJJNINGMODELSHAVING
WINGSWITHANASPECTRATIOOF 2, 4, OR6
By WalterD. Wolhazt@d DavidF. Thomas, Jr.
LangleyAeronauticalLaboratory
LangleyField, Va.
Washington
September1958
https://ntrs.nasa.gov/search.jsp?R=19930085180 2020-06-17T15:44:35+00:00Z
TECHMBRARYKAFB,NM
A
tunnel
NATIONALADVISORYCM41TTEE
TECHNICALNOTE4397
STATIC!LONGITUDINALNDLATERALSTABILITYCHARACTERISTICS
AT LOWSPEEDOF 60°SWEPTEACK-MIIIWINGMODELSHAVING
WINGSWITHAN ASPECTRATIOOF 2,4, OR 6
W WalterD.WolhartandDavidF. Thomas,Jr.
SUMMARY
systematicinvestigateionwasperformedintheLangleystability
to determinethestaticlongitudinalndlateralstabilitychar-
acteristicsat lowspeedofa seriesof60°sweptback-midwingmodels
havingwingswithan aspectratio of2,4, or 6. Althoughbothstatic
longitudinalndlateralstabilitydatiarepresented,emphasishas
beenplacedonthecontributionf thevariouscomponentsandcombina-
b tionsof componentstodirectionalstabilityat highanglesofattack.,
Alsoincludedaresomecomparisonswiththedirectionalstabilitychar-
acteristicsof similarunswept-and45°sweptback-wingconfigurations.r
Theresultshowthatall60°sweptback-tingcompletemodelcon-
figurationsbecomedirectionallyunstablein themoderatetohighangle-
of-attackrange.Thislossindirectionalstabilitycanbe attributed
tothelargeunstablecontributionfthewing-flmelagecombinationa d
to thedecreaseintailcontributionwithincreasingangleofattack.
Thedecreaseintailcontributionwithincreasingangleofattackis
attributedto theeffectiveincreasein sweepangleof theverticaltail
withincreasingangleofattackandto adversefuselageinterferenceat
thetail. h general,thetailcontributionto directionalstability
at highanglesofattackdecreasedwithincreasingtingaspectratio
eitherwithorwithouthefuselage.
A comparisonoftheresultsforthe60°sweptback-wingmodelswith
resultsforsimilarunswept-and45°sweptback-wingmodelsindicatesthat
fortheseconfigurationsincreasingsweepbackincreasesthelikelihood
ofdirectionalinstabilityat highanglesofattack.Althoughcomparable
lossesinthetailcontributionto directionalstabili~withincreasing
angleofattackwerenotedforallwingsweepangles>thereWCMa com-
pensatingshiftinthecontributionftheunswept-wing-fuselagecom-
binationthatwasnotpresentforthe45°and60°sweptback-wing
configurations.
.
.
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INTRODUCTION
*
Recentadvancesinunderstandingtheprinciplesofhigh-speedflight
haveledto significantchangesinthedesignoftheprincipalcmuponents
of airplanes’.Amongthemorenoticeableandimportantofthesechanges
havebeenthetrendto low-aspect-ratiosweptwingsandthegeneralcon-
centrationoftheweightoftheairplanealongthefuselage.These
changestothebasicgeometryofairplaneshavebroughtaboutcertain
characteristics,bothaerodynamicandinertial,whichmayresultina
configurationthatis susceptibletolargeinadvertentmotions.These
motionsmayresultintheattainmentoflargeanglesofattackandside-
slipfYomwhiche~sufngstallsandspinsappeartobemorelikelythbn
withpreviousconfigurations.Oneoftheimportantaerodynamicdeficien-
ciesof somepresent-dayirplanes,whichcontributeo suchundesirable
motions,isthelossofdirectionalstabilityatmoderateandhighangles
ofattack.
Ingeneral,thedirectionalstabilityaswellas theotheraero-
dynamicharacteristicsofmidwingornearmidwingmodelscanbeestimated _
satisfactorilyat lowanglesofattackby varioustheoreticalndempiri-
calmethodsuchas those“presentedinreference1. Theresultsatmod- l
crateandhighanglesofattack,however,areoftentimesunreliable
becauseof theunpredictableinterferenceeffectsofthevariouscom-
ponents.Considerableinformationisavailableontheinfluenceof &
thewing,fuselage,andtailgeometryonthestaticstabilitycharac- , ‘--
teristicsofairplaneswitheitherunsweptor sweptwings.However,
littleinformationfa systematicnatureisavailableontheeffects
ofwingaspectratioandsweepon thecontributionfthevariouscom-
ponentsof thecompletemodel.
Inordertoprovidesuchinformation,a seriesof experimental
investigationshavebeenperformedintheLangleystabilitytunnelusing
modelshavingvariousinterchangeablecomponentssndhavingwingsof
aspectratio2,4, or 6. Theresultsoftheseinvestigationsforunswept
and45°sweptbackwingsarepresentedinreferences2 and3,respectively,
andtheresultsfor600sweptbackwingsarepresentedherein.Although
bothstaticlongitudinalndlateralstabilitydataarepresented,empha-
sishasbeenplacedonthedirectionalstabilityathighanglesofattack.
—
Themodelsusedinthepresentinvestigationweretestedthroughan
angle-of-attackrangefromapproximately-4°to32°. Thelateralstabil-
ityderivativesweredeterminedfromtestsmadeatanglesof sideslip
of~“and-5°, althougha fewconfigurationsusingtheaspect-ratio-k
wingweretestedthrougha largesideslip.rangefrom-20°to20°for
severalanglesofattack.
“
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Thedatapresentedhereinarereferredto thestabilitysystemof
axeswiththe&igin at theprojectionontheplaneof symmetryof the
quarter-chordpointofthewingmeanaerodynamicchord.
tionsof forces,moments,andangulardisplacementsare
Thecoefficientsandsymbolsaredefinedas follows:
Positivedirec-
showninfigure1.
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as”pectratio,~2/s
s-pan,ft
approximatedragcoefficient,Approximatedrag
@w
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rolling-momentcoefficient,Rollingmoment
!&3%
Pitchingpitching-momentcoefficient, moment@w=w
yawing-momentcoefficient,‘atiW moment@w%
side-forcecoefficient,Sideforce
@w
localchord,ft
J
b/2
meanaerodynamicchord,2so C%y, ft
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w
taillength,distancemeasuredparallelto fuselagereference
linefrom
free-stream
ordinateof
area,Sqft
free-stream
momentreferenceto 6/4 ofthetail,ft >
-c pressure,1 2 lb/sqftpv )
circularfuselage,in.
velocity,ft/sec
longitudinaldistancefromfuselagenosemeasuredparallelto
fuselagereferenceline,in.
spanwisedistance
symmetry,ft
spanwi.sedistance
measuredfromandperpendiculartoplaneof
—
tomeanaerodynamicchord,measuredtiomand
2
J
b/2
perpendiculartoplaneof symmetry,~ Cydy,ft
o d
a angleofattack,deg
z
P angleof sideslip,deg
A sweepbackangleofwingquarter~chordline,deg
P density,slugs/cuft
Subscripts:
h horizontaltail
r root
t tip
V-H contributionf
variousforce
v verticaltail
w wing
WF contributionf
WFVH contributionf
.-
vertical-tail—horizontal-tailassemblyto
andmomentcoefficients
.-
wingandfuselage
completemodel n
v
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Modelcomponentdesignations:
w wing alone
F fuselagealone
VH ccaibinationofverticalandhorizontaltail,alwaystestedas
a unit(tailalone)
w wing-fuselageconibination
wing-tailcombination
fuselage-tailcombination
wing-fuselage-tailconibination(ccmpletemodel)
Thecontributionf thevertical-tail-horizontal-tailasseniblytd
thevariousforceandmomentcoefficientsi obtainedby subtractingthe
dataofvariousconfigurationsas follows:
FVH-F fuselage-tailccxibinationmi usfuselagealone
WvH-w wing-tailcombinationminuswingalone
WFVH-WT completemodelminuswing-fuselageccmibination
APPARATUSANDMODELS
Thisinvestigationwasperformedinthe6-foot-diameterstsection
oftheLangleystabilitytunnel.Themodelsweremountedona single
strutsupportwhichwasinturnfastenedtoa conventionalsix-component
electromechanicalb ancesystem.
Themodelsusedinthisinvestigationwereconstructedprimarily
ofbzninatedmahoganyandconsistedofthree600sweptbackwingsof
aspectratios2,4, and6, a fuselageoffinenessratio7.50,and
600sweptbackverticalandhorizontaltailsofaspectratiosO.w
and1.79,respectively.ThewingandtailsurfaceshadNACA6~8 air-
foilsectionsanda taperratioof0.6. Geometricharacteristicsof
thevariouscomponentsaregiveninfigures2 and3 andtablesI andII.
Sinceappreciableb ndingandtwisttightbe expectedforthewingsof
aspectratio4 and6 if constructedonlyofmahogany,thesewingswere
constructedwithl/16-inch-thickZnconelandaluminum-alloystiffeners
cycle-weldedinplaceneartheupperandlowersurfacesofthewing.
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Ingeneral,themodelsweredesignedtopermittestingoftheindi-
vidualcomponentsa wellasvsriouscombinationsof components.The
onlyexceptionsweretheverticalandhorizontaltailswhichwerenot
separableandwereal~s testedas a unit. Forthewirg-tailconfigu-
rationsthetailsweremountedat theappropriateaillengthona small-
dismetersteeltubewhichwasinturnfastenedtothewing. Theisolated
tailsweremountedonthesametubewhichwasfastenedto themodelsup-
portstrut.
TESTSANDCORRECTIONS
Allthetestsweremadeata dynsmicpressureof24.9poundsper
squarefootwhichcorrespondstoa Machnumberof0.13.TheReynolds
numbersbasedonthemeanaerodynamicchordofthevariouswingswere
1.02x 106 fortheaspect-ratio-2wing,0.72x 106fortheaspect-ratio-4
wing,and0.59x 106fortheaspect-ratio-6wing. Thebasicstaticlongi-
tudinalandlateralstabilitycharacteristicsweredeterminedforan
angle-of-attackrangefkm approximately-4°to32°. Thestaticlateral
stabilityderivativesweredeterminedfromtestsmadeat anglesof side-
slipofsoand-5°and,inaddition,severalconfigurationsweretested
througha sidesliprangefrom-20°to20°forseveralanglesofattack.
Approximatejet-boundarycorrectionswereappliedtothedataby
themethodofreference4. Pitching-momentcoefficientsfortheconfigu-
rationswithhorizontaltailonwerecorrectedfortheeffectoftheJet
boundariesby themethodofreference5. Tarecorrectionshavebeen
appliedonlyto thewing-onbasiclongitudinaldata ~, ~, and C;.
Thedatahavenotbeencorrectedfortheeffectsofblockagesincethese
correctionsareconsiderednegligible.No aeroelasticcorrectionshave
beenappliedtothedata;however,calculationstodeterminethemagni-
tudeofthesecorrectionsindicatethattheyarenegligibleforthe
dynamicpressureofthesetests.
PRESENTATIONFRISUITS
J?
Theresultsofthisinvestigationarepresentedas forceandmoment
coefficientsandderivativesplottedagainstangleofattackorsideslip
forthevariousmodelconfigurations.(Seefigs.4 to24.) A summaryof
theconfigurationsinvestigatedandofthefiguresthatpresentdatafor
theseconfigurations,togetherwiththepurposeofthesefigures,is
givenintableIII.
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DISCUSSION
In general,thediscussionoftheresultsofthisinvestigationwill
be confinedto thedirectionalstabilitycharacteristicswithemphasis
onthecontributionfthevariouscmnponentsathighanglesofattack.
It shouldbe pointedoutthatcompsringmomentcoefficientsforcon-
figurationswherewingaspectratioistheonlyvariablecanbe,somewhat
misleadingsincethecharacteristiclengths‘~ and ~ onwhichthe
coefficientsarebasedchangewithchangesinwingaspectratio.This
changeinthecharacteristiclengthresultsina givenmomentbeing
transformedintodifferentcoefficientsforeachaspectratio.Exsm@es
of thepossiblemisinterpretationofdatamaybe notedinfigures5
and14,whereintitsarepresentedforthewing-offconfigurationsfor
thethreedifferentaspectratios.In orderto eliminatethisapparent
effect.ofwingaspectratioonthetailcontributionto directional
‘tabi=itycn&vH’figure23hasbeenprepsredinwhichthetaillengbh
t isusedinplaceof b as thecharacteristicdimension.Theforce
coefficientsaredirectlycomparable,however,sincethewingarea
remainedconstantforall.wingaspectratios.
StaticLongitudinalStabilityCharacteristics
Thebasicstaticlongitudinalstabilitydatawhichshowthevaria-
tionof ~, C;,=d ~ with a forthevariouscomponentsandcom-
binationsof componentsarepresentedh figures4 and5 forwing-on
andwing-offconfigurations,respectively.Ingeneral,allwing-oncon-
figurationsshowan increaseInlift-curveslopeanda rapidincrease
indragat theangleofattackatwhichnonlinearitiesoccurinthe
pitching-momentcurves.Sincethecharacteristicsshown&e typicalof
sweptbackwingswhichhavebeenratherextensivelyinvestigatedpre-
viously,thereislittleneedtodiscussthemindetail.here.
Itis interestingtonotethattheunstablecontributionfthe
fuselagealonetopitchingmomentiscanceledtoa largeextentby
mutualinterferenceof thewingandfuselagewhenthefuselageistested
incombinationwithanyofthewingseitherwiththetailon orthetail
off. (Seefigs.4 and5.)
Thevariationof ~ and Cm with ~ at severala@les ofattack
fortheaspect-ratio-4wingandvsriouscomponentsandcombinationsof
componentsispresentedinfigures6 to 12. Thetrendsshownforthe
wing-aloneorwing-fuselagecombinationarein qualitativeagreement
withtheresultsforthehighReynoldsntier investigationreportedin
reference6. However,thenonlinearitiesintheliftandpitching-moment
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u
cuxvesaredelayedto Eomewhatlargeranglesofattackandsideslipfor
thehighReynoldsniluiber. v“
LateralStabilityCharacteristics
Basicstaticlateralstabilitycharacteristics,-Thebasicstatic
lateralstabilitydatawhichshowthevariationof Cy
P’ c%’ ‘d C%
with a forvsriousc~onents andconibinationsf componentsarepre-
sentedinfigures13and14 forwing-onandw@g-offconfigurations,
respectively.In general,thesedatashowthatallcompletemodelcon-
figurationsbecomedirectionallyunstableinthemoderatetohighangle-
of-attackrange.Thislossindirectionalstabilitymaybe attributed
toan increaseintheunstablecontribution~fthewing-fuselagecoti-– ‘“
binationandtoa decreaseintailcontributionwithincreasingangleof
attack.Theinitialunstablebreakinthedirectionalstabilitycurves
at an angleofattackofabout8° forconfigurationsinvolvingthe
aspect-ratio-4and,to someextent,theaspect-ratio-6wingisattributed
toan abruptlossinleading-edgesuctiononthetrailingwingpanelof
thesideslippedwing. Theincreaseinthe&table contributionfthe
fuselagefortheaspect-ratio-2wing-fuselageconibinationathighangles F
ofattackisbelievedtobe associatedwith_ying-inducedsi ewa~honthe
fuselageafterbody(ref.7). Thisadversewing-sidewasheffectdecreases
withincreasingwingaspectratioand,infact,fortheaspect-ratio-6 ~.
wing-fuselagecombinationthesidewashasa slightfavo~ableeffect.
—
Thedataalsoshowthatatmcderate‘andhighanglesofattackthe
fuselage,whentestedincombinationwiththeaspect-ratio-6wing,has
—
a largeeffectontheeffectivedihedralderivativeCzp. Apparently
thefuselageisalteringthespanloadingonthewingsincethefuselage
alonecontributesverylittleto CZ6. (Seefig.14.) Thefuselagehas
verylittleeffecton Clp forconfigurationsemployingtheaspect-ratio~2
—
oraspect-ratio-4wing.
Sincethesedatawereobtainedata relativelylowReynoldsnumber
andsinceitiswelllmownthatincreasesinReynoldsnumbermayhavean
appreciableeffectonthestaticstabilitycharacteristics,particularly
onthewingcontribution,someconsiderationshouldbe giventoReynolds
numbereffects.No highReynoldsnumberdatawereobtained.inthis
investigation;however,someindicationfeffectstobe expectedfrom
increasesinReynoldsnunibercanbe obtainedfromotherhighReynoldsnum- —
berinvestigations.Forexample,referenie8 showsthatincreasingthe
Reynoldsnumberfrom1.2x 106to4.45 x 10!-hadnoappreciableeffect
onthedirectionalstabilitycharacteristicsofa completemodelcon-
figurationhavinga 45°sweptbackwingofa~~ectratio6 butdiddelay .&
--- ,.
v
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w
theinitialbreakinthe CZB curvetoa higherangleofattack.b
r
9 addition,somerecentdataobtainedfra testsona 45°sweptback.wing
modelofaspectratio4 andhavingNACA65AO06airfoilindicatedthat
increasingtheReynoldsnumberfromO.7x 106to 7.1 x 106delayedthe
initialbreakinthe Cl
P
curvefromabout4° to 10°buthadlittle
effectoneitherC
%
or Cl foranglesofattackaboveaboutj12°.
B
Therefore,althoughthelowReynoldsnumberdatapresentedhereinwould
probablybe inpoorquantitativeagreementwithhighReynoldsnumberdata
inthelowtomoderateangle-of-attackrange,thetrendsarebelievedto
be reliableandathighanglesofattackthequantitativeagreementwould
probablybe good.
Thevariationsof ~, Cn,and CZ with ~ at severalanglesof
attackgivean indicationoftherangeof sideslip.an@esforwhichthe
sideslipderivativesdeterminedfrcm“p. 5°and-5° areapplicable.
(Seefigs.15to 21.) Thedatasreforthevariouscomponentsandcom-
binationsof componentsemployingtheaspect-ratio-kwing. Ingeneral,
thecurvesarefairlylinearwithsideslipangleforsideslipangles
% between5°and-5°fortheanglesofattackofapproximately0°,10°,
and20°;therefore,thesideslipderivativesobtainedfrompitchtests
at$= 5°and-5° shouldberepresentative.
x
Tailcontribution.-Thetailcontributionto directionalstability
c%,VE’aswellas totheothersideslipderivatives,wasobtainedby
su&actingtheresultsfortail-offconfigurationsfromtheresults
fortail-onconfigurations.Forexample,inequationform:
%3)VH=C%,WTVE- %,WF
Thesetailcontributionsarepresentedas a functionofan@e ofattack
infigures22.
Thedatapresentedinfigure22(b)showthatthedecreasein the
tailcontributionto directionalstabilitywithincreasingangleof
attackforthecompletemodelcanbe largelyattributedto twofactors.
Onefactoristhedecreasedcontributionf theisolatedverticaltail
whichcanat leastinpartbe attributedto theeffectiveincreasein
sweepbackof theverticaltailwithincreasingangleofattack.The
otherfactoristheadversefuselageinterferenceorblanketingeffect
a% thetail.
As mightbe expected,theseparateffectsofthewingandfuselage
interferenceon thetailcontributionaremodifiedsomewhatforthe
.
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w
completemodelconfiguration.Theresultsindicatethattheinterference
at thetailfor.anglesofattackup toabout220 is slightlylessadverse .
forthecompletemodelthanwouldbe obtainedby addingtheseparate
effectsofthewingandfuselage.Thefavorableeffectnotedwhenthe
wingisaddedtothefuselageisattributedtoa reductioninadverse
effectsresultingfromthedownwardisplacementofthefuselagevortex.
—
A directmeasureof theeffectofwingaspectratioonthettailcon-
tributionto directionalstabilityisprovidedinfigure23whichshows
b’w~thev-iationof ~ with a.
‘P*W
Thisfigureprovidesa comparison
betweenthewing-onand~ng-offtailcontributionbothwithandwithout
thefuselage.figeneral,thesedatashowthatthetailcontributionto
directionalstabilityathighanglesofattackdecreaseswithincreasing
wingaspectratioeitherwithorwithouthefuselage.It shouldbe
pointedout howeverthattheeffectsofchangesinwingaspectratio
onthetailcontributionto directionalstabilityareprobablyminimized.
forthecompletemodelconfigurationsby thelargefuselageffectmen-
tionedpreviously.
—
EffectsofSweepbackonDirectionalStability #
Theeffectsof sweepbackonthedirectionalstabilitycharacteris-
ticsof configurationswithwingsofaspectratio2,4, or6 areindi- *–
catedby figure24. (Unswept-wingdatawereobtainednom ref.2 and
45°sweptback-wingdatafromref.3.) Figure24(a)showstheeffectof
wingsweepbackonthewing-fuselagecontributiontodirectionalstability _—
forvariouswingaspectratios.Thetailcontributiontodirectional
stability,wheninthepresenceofthefusel%ejhasbeenno~l~zed by
dividingby thevalueat 0° angleofattackandtheseresflts=e Pre- .
sentedinfigures24(b)and24(c)forwing-onandwing-offconfi~ations,
respectively.Sinceconfigurationsinvolvingtheaspect-ratio-2wing
exhibitedaerodynamichysteresisin sideslipforanglesofattackabove
about20°,a dashedlinehasbeenusedtodistinguisht isregion.(See
ref.2.)
Thedataoffigure24 showthatfortheseconfigurationsincreasing
wingsweepbackincreasesthelikelihoodofdirectionalinstabilityat
highanglesofattackbecauseofdecreasedtailcontributiona dthe
largeunstablecontributionf thewing-fuselagecombination.At high
anglesofattack,comparablelossesintailcontributionareshownfor
allsweepangles,butfortheunsweptco@igurationsthereisa com- —
pensath.gstableshiftinthewing-fuselagecontribution.Thetailcon-
tributionto directionalstabilitydecreasedathighanglesofattack
becauseoflargeadversesidewasheffectswhichfortheunswept-wingand
45°sweptback-wingmodelswereprimril.yduetothewingandwhichfor -
the600sweptback-wingmodelswereprimarilyduetothefuselage.The
-.
v
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relativeffectsofwingsweepbackonthetailcontributionto direc-
tionalstabilityaredifficulto evaluatefim thesedatasincethese9 effectsarenodoubtinfluencedby thefactthatfortheseconfigura-
tionsthetailaspectratiodecreasedwithincreasingsweepback.(See
refs.2 and~.)
CONCLUSIONS
An experimentalinvestigationwasmadeto determinethestatic
longitudinalndlateralstabilitycharacteristicsat lowspeedof
60°sweptback-midwingmodelshavingwingswithan aspectratioof 2,4,
or6. Theresultsoftheinvestigationi dfcatethefollowing
conclusions:
1.All60°sweptback-wingcompletemodelconfigurationsbecame
directionallyunstableinthemoderatetohighangle-of-attackrange,
andthiscanbe attributedto thelsrgeunstablecontributionfthe
wing-fuselagecombinationa dto thedecreaseinvertical-tailcontri-
butionwithincreasingangleofattack.ThedecreaseinWil contribu-
S tionwithincreasingangleofattackisattributedto theeffective
increasein sweepangleof theverticaltailwithincreasingangleof
attackandtoadversefuselageinterferenceat thetail.ti
2. Ingeneral,thetailcontributionto directionalstabilityat
highsnglesofattackdecreasedwithincreasingwingaspectratioeither
withorwithouthefuselage.
3. Comparisonofresultsforthe60°sweptback-wingmodelswith
resultsforsimilarunswept-wingand45°sweptback-wingmodelsindicates
thatfortheseconfigurationsincreasingsweepbackincreasesthelikeli-
hoodofdirectionalinstabilityat highanglesofattack.Althoughcow
parablelossesinthetailcontributionto directionalstabili~were
notedforallwingsweepangles,therewasa compensatingstableshift
inthecontributionf theunswept-wing—fuselagecombinationthatwas
notpresentforthe45°and60°sweptback-wingmodels.
LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Vs.,July21,1958.
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TABLE I.-GEOl@!l?RICCHARACTERISTICSOFMI)DEIS
Fuselage:
Length,ft . . . . . . . . . . . . . . . . . . . . . . . . .. 3.75
Fineness=tio . . . . . . . . . . . . . . . . . . . . . . . . 7.50
wings:
Aspectratio. . . . . . . . . . . 2
Quarter-chordsweep.
angle,deg. . . . . . . . . . . 60
Dihedralangle,deg . . . . 0
Twist,deg. . . . . . . . . . . .
Airfoilsection-. . . . . .NACA65AOO;
hea, Sqft . . . . . . . . . . .2.250’
Span,ft. . . . . . . . . . . . .2.122
Meanaero-c chord,ft . . . .1.o83
Rootchord,ft..... . . ...1.326
Taperratio . . . . . . . . . . . 0.6
4
m
o
NACA65AOO;
2.250
3.000
0.766
0.938
0.6
Verticaltail:
Aspectratio. . . . . , . . . . . . . . . . . . . .
Quarter-chordsweepangle,deg . . . . . . . . . . .
Airfoilsection. . . . . . . . . . . . . . . . . .
Area,sqft . . . . . . . . . . . . . . . . . . . .
Span,ft. . . . . . . . . . . . . . . . . . . . . .
Meanaerodynamicchord,ft . . . ... . . . . . . . .
Rmtchord, ft. . . . . . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . . . . . . . . .
Ratiooftiilareatowingarea . . . . . . . . . .
Taillength,distancemeasuredpsrallelto fuselage
referencelinefrommomentreferenceto 5/4of
tail,ft. . . . . . . . . . . . . . . . . . . . .
6
60
0
NACA65AOO;
2.250
3.675
0.625
0.765
0.6
. . . . . 0.9
. . . . . 60
. . NACA65AO08
. . . . . 0.338
. . . . . o.~x
. . . . . 0.626
. . . . . 0.767
. . . . . 0.6
. . . . . 0.150
. . . . . 1.392
Horizontaltail:
Aspectratlo.. . . . . . . . . . . . . . . . . . . . .
Quarter-chordsweepangle,deg . . . . .“.. . . . . . .
Incidence,deg. . . . . . . . . . . . . . . . . . . . .
Airfoilsection. . . . . . . . . . . . . . . . . . . .
Area,sqft . . . . . . . . . . . . . . . . . . . . . .
Meanaer~cchord, ft . . . . . . . . . . . . . . .
Rootchord,ft. . . . . . . . . . . . . . . . . . . . .
Taperratio . . . . . . . . . . . . . . . . . . . . . .
Ratiooftailareatowingarea . . . . . . . . . . . .
Taillength,distancemeasuredparallelto fuselage
referencelinefrommomentreferenceto5/4of
tail,ft. . . . . . . . . . . . . . . . . . . . . . .
. . . 1.790
. . . 60
0
iLA.65Ao08
. . .0.450
. . . 0.512
. . . 0.627
. . . 0.6
. . . 0.200
. . . 1.392
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TABLE II.- COQRDINATESOFTHE
CIRCUL&R-CRCEIS-SECTIONFUSELAGE
x, in. r, in.
o 0
2.60 .64
4.00 1.20
6.00 1.68
8.00 2.09
10.00 2.42
12.00 2.67
14.00 2.85
16.oQ 2.96
18.00 3.00
20.00 2.99
22.00 2.97
24.oo 2.93
26.00 2.87
28.00 2.79
30.00 2.70
32.00 2.60
34.00 2.47
36.00 2.33
38.00 2.18
40.00 2.01
42.oo 1.82
44.00 1.61
45.00 1.X
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w III.-FIGUREINDEXFORPLOITEDATA
CL, c;,~ plotted
againstu
~ and ~ plotted
S@nst $
c%’c%’C%
plottedagainsta
%, %, cl plottea
againstJ3
~f3,vE’%@
ad. c~$,VH plotted
against-a
Cq,w -
C%,vlt(%,V+=O”
plottedagainsta
Configuration Figure Purposeoffiguretoshow-
1 [W?ii!ii!i!ziii?+’
V-E 12.
1 1
w,w?,WV-E,WFvH Effectofvariousmodel13 componentssinglymd in
F,VH,FvH 14 combinationm staticlat-eralderivatives.
FvH 1191
F 20
VH 21
Effectofvariousmcdel
VE,FVH-F, 22 can.ponentsonthetailWvH-w,WFVH-WF contributiontothe.static
lateralderivatives.
Effectofwingaspect
VE,WvH-w, 23 ratioontsilcontributionti-F,W’VH-WF todirectionalstability
withandwithoutfuselage.
WF, WJ?VH-WF,
FVH-F 24
Effectofsweepbackonwing-
fuse~e contributionto
directionalstabilityand
rateofchangeoftail
contributiontoUrectional
stabilitywithangleOf
attackwithendtithouthe
wing.
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Wchmg Lfft Rohlngmomentmoment ii
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APProx.
—
——~
Re/ufwewmu’ drag
/.00
Lateral
+
fone
,-
Ang/e ofyow
~. RoMngmoment
AzImJthreferenm
Appro(.
clrog
C=o”
Figure1.-Systetiof
fffrces,
axesused.Arrowsindicatepositivedirectionof
moments,andangulardisplacements.
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Figure2.-Generalarrangementof completemodels.Alldimensionsare
ininches.
*
NACATN4397
*
.
+- 25.46-1
{60”
/
b—36@_-l
~4.09
e Momentrefwence,Ew/4
Figure3.- Geometricharacteristicsofwings.Alldimensionsarein
inches.
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(b) Aspect-ratio-hwing.
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(c) Aapec&ratio-6 wing.
Figure 4.- Static longitudinal6tability characteristicsofthewingaloneandInvaml.oua
ccmbhmtionawiththefuselageandtails.
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(c) Coefficientsbased on
aspect-ratio-6wing.
Figure 5.- Static longitudinalstability characteristicsof the fuselage alone, tail alone, and
fuselage-tail combination.
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Figure6.- Variationof CL and Cm with ~ forthecompletemodel.
Aw=k.
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Figure7.- Variationof ~ and Cm with B forthewing-fuselage
cor.tibination.Aw = 4.
NACATN 4397 23
u
/.2
/.0
.8
CL
-6
4
.2
0
-20 -/6 -/2 -8 -4 0 4 8 /2 /6 20
AngA?of sdeskp,/, deg
l
Figure8.- Variationof ~ and Cm with ~ forthewing-tailcombi-
nation.4.4.
.
*.
Cm
.3
./
/“0
.8
.6
CL
.2
-20 -/6 -/2 -8
... . . .
-4
Ang/’eof
Figure 9.- Variation of ~ and
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Figure10.- Variationof ~ and Cm with p forthefuselage-tafl
Ccmklination. Coefficientsbasedonaspect-ratio-hwing.
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Figure11.-
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Figure12.- Vsriationof ~ and Cm with ~ forthetailalone.
Coefficientsbasedonaspect-ratio-hwing.
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Figure 13.- Static lateral stabillm characteristicsof the wing alone and in varloup ccau-
bhationa with the fusela~ ad bib.
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aspect-ratio-2wing.
Figure 14.-Static lateral
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(b) Cceffi.cientsbased on
aspect-ratio-4wing.
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(c) Coefficients based on
aspect-ratio-6 wing.
stabili-bycharacteristicsof the fuselage alone, tail slone, ad
fuselage-tailcunbinati.on.
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Figure15.- Variationof Cy, Cn,and Cl with ~ forthec~lete
model.4=4.
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Figure16.- Variationof ~, Cn,and Cl with ~ forthewing-
fuselagecombination.&.4.
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Figure17.- Variationof Cy, Cn,and Cz With P forthewing-tail
combination.Aw = 4.
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Aw = 4.
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Figure19.- VariationOf %, Cnjad cZ ‘ith ~ f‘r‘he‘isekge-
tailcombination.Coefficientsbasedonaspect-ratio-4wing.
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Figure22. - Effectofthevariouscomponentsonthetailcontribution
to thestaticlateralstabilityderivatives.
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Figure22.-Continued.
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Figure22.- Concluded.
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Figure 24.- The effects of wing sweepback on directional stabillty.
